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.2013.04.Abstract Nostoc ellipsosporum is a highly potent cyanobacterium for production of pharmaceuti-
cally important chemicals. In this study, an effort has been made to determine the effect of glucose
and phytohaemagglutinin (PHA) rich Phaseolus vulgaris extract on N. ellipsosporum growth and
protein production. Maximum growth was observed in Fog’s medium supplemented with glucose.
SEM analysis showed that the regular and well developed heterocysts were observed in Fog’s media
supplemented with glucose. Signiﬁcant medium components were evaluated by Plackett–Burman
(PB) design and PHA extract was found to be the most signiﬁcant in growth medium. Results of
this study showed that both glucose and PHA rich P. vulgaris extract have positive effects and
enhance the growth and protein synthesis.
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0021. Introduction
Cyanobacteria (blue green algae) are one of the oldest life
forms on earth and present in various habitats ranging from
the oceans to fresh water bodies. They are Gram negative pho-
tosynthetic autotrophs and responsible for ﬁxing nitrogen
from the atmosphere [5,13]. Nitrogen ﬁxing ability of cyano-
bacteria found their applications in agricultural ﬁeld as biofer-
tilizers. They are also known to be a producer of
pharmaceutically important products such as antibiotics,cademy of Scientiﬁc Research & Technology.
34 S. Anshuman et al.toxins, hormones and iron chelators. [8]. Nostoc ellipsosporum
is one of the ﬁlamentous cyanobacteria which have gained
importance in biotechnology ﬁeld because of producing valu-
able medicinal products that are useful for humankind [1].
Cyanovirin, a potential protein molecule produced by N. elli-
psosporum has found application in the treatment of HIV [2]
and inﬂuenza A (H1N1) [23]. Heterocysts are semiregular pat-
tern of cells observed at regular distance in the ﬁlament of the
cyanobacteria [3,25]. These heterocysts are formed when there
is no nitrogen present in the growth medium. It ﬁxes the atmo-
spheric nitrogen directly from the atmosphere and uses it for
amino acid synthesis. The amino acids produced in the hetero-
cysts are transferred to the vegetative cells for metabolic activ-
ities and protein synthesis [19]. Previous studies have reported
that various parameters such as temperature, light, pH and
nutrient composition of the culture medium affected the cell
growth, pattern and photosynthetic pathway and metabolism
of algae [9,10,12]. Researchers have also reported that the
nutrient medium can be altered to enhance the productivity
of cell mass [11,16]. Phaseolus vulgaris, a red kidney bean is
a rich source of phytohaemagglutinin (PHA). PHA is one type
of lectin that can be recognized and bound to carbohydrate
moieties [18]. PHA possesses cell agglutinating and mitogenic
activities [21]. These lectins play an important role in defence
mechanism of plants [4] and cell proliferation [7].
The primary objective of this study was to investigate the
effect of glucose and phytohaemagglutinin (PHA) rich P. vul-
garis extract supplemented in Fog’s medium for growth and
protein synthesis of N. ellipsosporum NCIM 2786. The signiﬁ-
cance of the medium components was also statistically ana-
lysed by the Plackett–Burman method.2. Materials and methods
2.1. Microorganism
N. ellipsosporum (NCIM 2786) was obtained from the Na-
tional Collection of Industrial Microorganisms, National
Chemical Laboratory, Pune, India. Culture was maintained
in Fog’s medium slants at 25 C and subcultured at regular
intervals.2.2. Growth medium
Two types of media, Fog’s (G) and Fog’s (G+) were used
for studying the growth and protein synthesis by N. ellipsospo-
rum. Fog’s (G), the commonly used algae growth medium
consisted of 0.2 g MgSO4Æ7H2O, 0.2 g K2HPO4, 0.1 g CaCl2Æ-
H2O, 1 ml micronutrient solution, 5 ml Fe-EDTA solution
and distilled water 1000 ml. Fog’s (G+) was supplemented
with glucose (0.1 g/l) and the remaining medium components
were same as Fog’s (G) medium. The initial pH of the med-
ium was adjusted to 7.5. The micronutrient solution was pre-
pared by dissolving the following components: 286 mg
H3BO3, 181 mg MnCl2Æ4H2O, 22 mg ZnSO4Æ7H2O, 39 mg Na2-
MoO4Æ2H2O and 8 mg CuSO4Æ5H2O in 100 ml of distilled
water. Fe-EDTA solution was prepared by dissolving 745 mg
of Na2EDTA and 557 mg of FeSO4Æ7H2O in 100 ml of hot
water and boiled for few minutes.2.3. Preparation of P. vulgaris crude extract
Ten gram of P. vulgaris (red kidney beans) was soaked over-
night in 100 ml of distilled water. Then, water is drained and
the wet soaked beans are homogenized in pestle and mortar.
Homogenate paste is dissolved in 100 ml of distilled water
and stirred well in magnetic stirrer for 15 min. After stirring
the extract is centrifuged and the supernatant is used as extract.
2.4. Analytical methods
N. ellipsosporum was allowed to grow in both Fog’s (G) and
Fog’s (G+) medium kept in a temperature controlled orbital
shaker provided with light source. The cell growth was moni-
tored by measuring the absorbance in spectrophotometer at
600 nm and the protein concentration was estimated by
Lowry’s method [17].
2.5. Screening of signiﬁcant medium variables by Plackett–
Burman design
Plackett–Burman (PB) design is successfully employed to esti-
mate the signiﬁcance of the large number of variables econom-
ically with few experimental runs [6,20]. Plackett–Burman
design is very useful when only the main effects of the variables
are considered for screening [22]. The PB experimental design is
a fractional factorial design and the main effect can be calcu-
lated as the difference between the average measurements made
at the high level (+1) of the factor and the average measure-
ments at the low level (1). Screening experiments were carried
out according to combinations ofmedium variables given in Ta-
ble 1. A linear model Eq. (1) is usually considered to explain the
signiﬁcance of variables in the screening experiment.
Y ¼ b0 þ Rbixi ð1Þ
where Y is the estimated response, xi is the independent vari-
able and bi is the regression coefﬁcients.
3. Results and discussion
3.1. Effect of glucose on growth and morphology of N.
ellipsosporum
In order to study the signiﬁcance of glucose on growth and
protein production of N. ellipsosporum, the cells were allowed
to grow in both Fog’s (G) and Fog’s (G+) media. Growth of
N. ellipsosporum was observed for 10–12 days and the maxi-
mum growth was observed from the 10th day of incubation
(Fig. 1). The cells turned green in the ﬂask supplemented with
glucose after eight days and a slight green colour was observed
in glucose free medium when compared with the uninoculated
control medium (Fig. 2). It was clear that the presence of glu-
cose in the medium enhanced the growth of the cells. Samples
of well grown cells of both Fog’s (G) and Fog’s (G+) med-
ium were collected and the morphology of the cells were exam-
ined by scanning electron microscopy (SEM). The SEM
pictures revealed that vegetative cells were arranged properly
with a regular pattern of distinct heterocyst formation in glu-
cose containing Fog’s medium (Fig. 3a) whereas the ﬁlament
morphology was not clear and the formation of heterocysts
Figure 1 Growth proﬁle of N. ellipsosporum in Fog’s (G+) and
Fog’s (G) medium.
Figure 2 Observation of N. ellipsosporum growth after 10 days
of incubation (a) control, no colour change (b) Fog’s (G+)
medium – cells turned to green colour (c) Fog’s (G) medium –
slight green colour.
Figure 3 SEM pictures showing the morphology of N. ellipso-
sporum. Distinct vegetative cells and semiregular pattern of
heterocysts were seen in (a) Fog’s (G+) medium and distorted
arrangement of vegetative and heterocysts were seen in (b) Fog’s
(G) medium.
Figure 4 Effect of P. vulgaris extract on N. ellipsosporum
growth. Medium supplement with (a) P. vulgaris extract (b)
without P. vulgaris extract.
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(Fig. 3b). Growth OD was observed to be approximately sim-
ilar after 9 days of incubation in both media but well devel-
oped heterocysts and distinct growth were observed in Fog’s
(G+) medium. Though cyanobacterial cells are phototrophiccells which are able to synthesize the carbon molecules through
photosynthesis, supplementing the growth medium with glu-
cose enhances the cell growth and protein synthesis. Hetero-
cysts are mainly responsible for providing nitrogen source to
the vegetative cells for the protein synthesis and other meta-
bolic activities. Therefore, formation of heterocyst with appro-
priate morphology was important for the protein production
by N. ellipsosporum, since it was known for production of valu-
able pharmaceutical bioproducts. As the polysaccharide enve-
lope of the heterocyst contains 75% of glucose [19], the
supplement glucose in the medium may be utilized by the cells
for envelope synthesis. It is also proved that the presence of
exogenous glucose improves the cell growth of cyanobacteria
Anabaena sp. and modiﬁed the cellular photosynthetic pigment
composition and energy ﬂow between the photo systems in
cyanobacteria [15,26].
3.2. Effect of PHA on cell growth
To study the effect of PHA on cell growth, 1% (v/v) of P. vul-
garis extract was added to 100 ml of Fog’s medium and the
growth was monitored. 100 ml of Fog’s medium without P.
vulgaris extract was also inoculated at the same time to com-
pare the effects. For this experiment, glucose was not added
to Fog’s medium in both ﬂasks. Medium supplemented with
P. vulgaris extract showed better growth than the extract free
medium. Fig. 4 showed that cells turned green in the ﬂask con-
taining P. vulgaris extract and no colour change was observed
in the ﬂask not supplemented with P. vulgaris extract. The
binding of PHA to the cell surface receptors in cells may stim-
ulate various intracelluar metabolic pathways which leads to
an increase in certain gene expressions and hence in cell prolif-
eration and protein synthesis [7].
3.3. Screening of signiﬁcant medium variables by PB design
Seven medium variables (MgSO4Æ7H2O (A), K2HPO4 (B),
Micronutrients (C), CaCl2ÆH2O (D), Fe-EDTA (E), Glu-
cose(F) and P. vulgaris extract (G)) were selected for the PB
screening experiment. Twelve experiments were done accord-
ing to PB design and the response, protein concentration
(mg/ml) was obtained as given in Table 1. The responses were
ranging from 0.238 mg/ml to 0.672 mg/ml. The experimental
results were subjected to regression analysis and the estimated
coefﬁcients, main effect, t and p values are represented in Ta-
ble 2. A polynomial model for protein concentration (mg/ml)
was developed by using the estimated coefﬁcients (coded units)
and given in Eq. (2).
Table 1 PB design table showing high and low values with experimental and predicted responses.
Symbol Medium component Low level (1) High level (+1) Experimental design Response
A B C D E F G Protein(mg/mL)
Experimental Predicted
A MgSO4Æ7H2O (%,w/v) 0.01 0.02 0.02 0.01 0.1 0.005 0.25 0.1 1 0.495 0.525
B K2HPO4 (%,w/v) 0.01 0.02 0.02 0.02 0.05 0.01 0.25 0.1 0 0.304 0.259
C Micronutrients (ml) 0.05 0.10 0.01 0.02 0.1 0.005 0.5 0.1 0 0.266 0.219
D CaCl2ÆH2O (%,w/v) 0.005 0.01 0.02 0.01 0.1 0.01 0.25 0.2 0 0.293 0.281
E Fe-EDTA (ml) 0.25 0.50 0.02 0.02 0.05 0.01 0.5 0.1 1 0.448 0.493
F Glucose (%,w/v) 0.1 0.2 0.02 0.02 0.1 0.005 0.5 0.2 0 0.238 0.285
G P. vulgaris extract (ml) 0 1 0.01 0.02 0.1 0.01 0.25 0.2 1 0.562 0.554
0.01 0.01 0.1 0.01 0.5 0.1 1 0.460 0.450
0.01 0.01 0.05 0.01 0.5 0.2 0 0.267 0.297
0.02 0.01 0.05 0.005 0.5 0.2 1 0.672 0.607
0.01 0.02 0.05 0.005 0.25 0.2 1 0.639 0.647
0.01 0.01 0.05 0.005 0.25 0.1 0 0.281 0.308
Table 2 Estimated effects and coefﬁcients for protein (mg/ml) production by Nostoc ellipsosporum.
Term Eﬀect Coeﬃcient T p Conﬁdence level
Intercept 0.410 22.81 <0.001
MgSO4Æ7H2O (%,w/v) 0.004 0.002 0.12 0.913 8.7
K2HPO4 (%,w/v) 0.002 0.001 0.05 0.962 3.8
Micronutrients (ml) 0.045 0.024 1.38 0.241 75.9
CaCl2ÆH2O (%,w/v) 0.043 0.021 1.19 0.300 70.0
Fe-EDTA (ml) 0.037 0.018 1.03 0.360 64.0
Glucose (%,w/v) 0.069 0.034 1.93 0.126 87.4
P. vulgaris extract (ml) 0.271 0.135 7.53 0.002a 99.8
a Signiﬁcant model term (p< 0.05).
Figure 5 Pareto chart showing the order of signiﬁcant medium
variables (A) MgSO4Æ7H2O, (B) K2HPO4, (C) Micronutrients, (D)
CaCl2ÆH2O, (E) Fe-EDTA, (F) glucose and (G) P. vulgaris extract.
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The main effect values showed that P. vulgaris extract and
glucose had a positive effect on protein synthesis with conﬁ-
dence level of 99.8% and 87.4%, respectively. All other med-
ium variables showed a negative effect on protein synthesis.
Statistical signiﬁcance of the variables was checked by p-value
and it should be less than 0.05. In our experiment, p-value for
P. vulgaris extract (G) was found to be 0.002 (p< 0.05) and it
was identiﬁed as the most signiﬁcant factor for protein synthe-
sis by N. ellipsosporum. Glucose (F) was found to be the sec-
ond important medium component but p-value was greater
than 0.05. However some reports on statistical screening have
explained that the conﬁdence levels greater than 70% may be
acceptable [24]. The pareto chart shown in Fig. 5 provides
the information about the order of signiﬁcant medium
variables.
Analysis of variance (ANOVA) results shown in Table 3 ex-
plained that the main effects of the medium variables were
found to be signiﬁcant (p< 0.05) with F-value of 9.27. The
correlation coefﬁcient (R2) is used to check the ‘goodness of
ﬁt’ of the model and R2 value near to unity proves that the
good degree of relation exists between predicted and experi-
mental results [14]. In this case, the value of correlation coefﬁ-
cient (R2 = 0.941) demonstrated that model was ﬁt 94.1%
with the experimental results and 5.9% of the variations
among the responses were not explained by the model.4. Conclusion
This study attempts to investigate the effect of glucose and P.
vulgaris extract on N. ellipsosporum growth and protein syn-
thesis. Results of this study showed that the presence of addi-
tional glucose enhanced the growth of both vegetative and
heterocyst cells with a regular pattern. Plackett–Burman de-
sign was successfully applied to evaluate the relative impor-
tance of medium variables on protein synthesis. Both PHA
and glucose showed positive effects on protein synthesis and
Table 3 Analysis of variance (ANOVA) statistics for protein production by N. ellipsosporum.
Source Degrees of freedom Sum of square Mean square F valve p value
Main eﬀects 7 0.252 0.036 9.27 0.024a
Residual error 4 0.015 0.004
Total 11 0.267
R2 = 0.941
a Signiﬁcant model term (p< 0.05).
Effect of glucose and PHA extract on growth and protein synthesis of Nostoc ellipsosporum 37all other medium variables expressed negative effects. The re-
sults of this study showed that the additional glucose and P.
vulgaris extract in the medium may improve the algal cultiva-
tion process on a large scale.Acknowledgements
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